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ROTORS UTILIZING A STEPPED SKEW 




CROSS REFERENCE TO RELATED APPLICATION 

This application claims the benefit of U.S. Provisional Application No. 
60/090,773, filed June 26, 1998. 

BACKGROUND OF THE INVENTION 

This invention relates generally to electric motors and, more particularly, to 
a line start magnetically salient rotor AC electric motor. 

Line start permanent magnet motors include rotors having permanent 
magnets and induction squirrel-cages. The induction squirrel cages enable starting 
on a conventional AC power source, and the permanent magnets improve motor 
efficiency. Such rotors sometimes are referred to herein as divided magnet rotors. 

In an exemplary form, a divided magnet rotor includes a rotor core, a rotor 
shaft, permanently magnetized locations, and secondary conductors. The rotor shaft 
extends through the rotor core and is coaxial with the rotor core axis of rotation. 
The secondary conductors also extend through the rotor core and are arranged 
axially with respect to the rotor shaft. Such secondary conductors are offset from 
the outer circumference or periphery of the rotor core and are connected at opposite 
ends of the core by end rings. Notches at the outer periphery of the rotor core 
typically are radially aligned with at least one secondary conductor. Permanent 
magnets are located in the notches and the permanent magnets are magnetized to 
form a selected number of poles. 

To decouple stator slot order harmonics, the rotor bars in the squirrel cage 
typically are skewed. Skewing is accomplished by slightly turning the rotor 
laminations with respect to each other so that the passages formed by overlapping 
slots of the rotor laminations are generally helical in shape. In a divided magnet 
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rotor, skewing the laminations is difficult. Particularly, some magnetic materials 
that may be used for the permanent magnets are brittle and prevent such skewing. 

In addition, open slot rotors generally provide advantages over closed slot 
rotors. In a closed slot rotor, the flux flows through the bridge (i.e., the region of 
5 iron immediately towards the rotor outer diameter from the rotor bar) and saturates 
the bridge depending on the rotor current. The level of current at which the bridge 
saturates will be passed through four times per cycle, causing time harmonics in the 
stator current. These time harmonics create the basic forcing function for a class of 
noise. The leakage flux which causes the bridge to saturate reduces the torque 
10 produced by the machine at that current level and in turn raises the losses related to 
current flow at a give torque. An open slot rotor does not provide a high 
permeability path for this component of the leakage flux. Open slot rotors, 
however, typically are more difficult to fabricate than closed slot rotors. 

It would be desirable to provide a divided magnet rotor that includes 
15 permanent magnets yet also decouples stator slot order harmonics. It also would be 
desirable to provide such a rotor which is not subject to rotor bridge saturation. 

BRIEF SUMMARY OF THE INVENTION 

In an exemplary embodiment of the invention, a divided magnet rotor 
includes a stepped skew rather than a helical skew. The stepped skew enables the 
use of straight magnet sections that can be inserted into the rotor core notches 
20 thereby eliminating the need to produce a helix from the rotor cage. The stepped 

skew is effective in decoupling stator slot order harmonics. In addition, the stepped 
skew rotor includes, in some embodiments, open slots so that the rotor is not subject 
to rotor bridge saturation. 
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The divided magnet rotor includes a rotor core, a rotor shaft, permanently 
magnetized locations, and secondary conductors. The rotor shaft extends through 
the rotor core and is coaxial with the rotor core axis of rotation. 

The rotor core includes rotor laminations in a stack arranged in at least two 
sets. The slots in the first set of laminations have skew portions extending laterally 
in a first direction, and the slots in the second set of laminations have skew portions 
extending laterally in a second direction opposite the first direction. The radially 
inner portions of corresponding slots in the first and second sets of rotor laminations 
overlap each other. Such a configuration forms a stepped skew. 

Notches, or channels, extend from an outer diameter (OD) of the rotor 
laminations to the skew portion of each respective slot. The notches extend axially, 
and permanent magnets are located in the notches. Specifically, straight magnet 
sections of permanently magnetized material are inserted into the notches. The 
straight magnet sections are magnetized to form a selected number of poles. The 
secondary conductors extend through the rotor core slots and are arranged axially 
with respect to the rotor shaft. The secondary conductors are offset from the outer 
circumference or periphery of the rotor core and are connected at opposite ends of 
the core by end rings. 

The above described divided magnet rotor has a stepped skew rather than a 
helical skew. The stepped skew enables the use of straight magnet sections that can 
be inserted into the rotor thereby eliminating the need to produce a helix from the 
rotor cage. The stepped skew is effective in decoupling stator slot order harmonics. 
In addition, the rotor has open slots so that the rotor is not subject to rotor bridge 
saturation. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is an enlarged fragmentary view of a first embodiment of a rotor 
core having slots which are skewed; 

Figure 2 is a perspective view of the rotor core shown in Figure 1; 

5 Figure 3 is an enlarged fragmentary view of a second embodiment of a rotor 

core having slots which are skewed; 

Figure 4 is a perspective view of the rotor core shown in Figure 4; 

Figure 5 is an enlarged fragmentary view of a third embodiment of a rotor 
core having slots which are skewed; 

10 Figure 6 is a perspective view of the rotor core shown in Figure 5; 

Figure 7 is an enlarged fragmentary view of a fourth embodiment of a rotor 
core having slots which are skewed; 

Figure 8 is a perspective view of the rotor core shown in Figure 7; 

Figure 9 is an enlarged fragmentary view of a fifth embodiment of a rotor 
15 core having open slots which are skewed; 

Figure 10 is a perspective view of the rotor core shown in Figure 9; 

Figure 1 1 is an enlarged fragmentary view of a sixth embodiment of a rotor 
core having open slots which are skewed; 

Figure 12 is a perspective view of the rotor core shown in Figure 11; 

20 Figure 13 is an enlarged fragmentary view of a seventh embodiment of a 

rotor core having slots which are skewed; 



Figure 14 is a perspective view of the rotor core shown in Figure 13; and 

Figure 15 is a partial cross sectional view of a motor. 

DETAILED DESCRIPTION OF THE INVENTION 

Set forth below in more detail is a description of various exemplary 
embodiments of divided magnet stepped skew rotors. The rotors may be used in 
5 many different motor configurations including many different stator configurations. 
Generally, a divided magnet stepped skew rotor includes a squirrel cage with 
permanent magnets secured at an outer periphery of the rotor laminations. The 
stepped skew enables the use of straight sections of permanent magnets rather than 
requiring that the permanent magnets be skewed. This rotor configuration facilitates 
10 the fabrication of divided magnet rotors since the stepped skew enables use of 
straight magnetic sections yet also is effective in decoupling stator slot order 
harmonics. In addition, and in some embodiments, the rotor has open slots so that 
the rotor is not subject to rotor bridge saturation. 

Referring now particularly to the drawings, Figure 1 is an enlarged 
15 fragmentary view of a first embodiment of a rotor core 20, and Figure 2 is a 

perspective schematic view of core 20. The schematic views set forth herein are 
intended only to illustrate various configurations of permanent magnets with respect 
to the rotor cores and do not illustrate each aspect of such cores. Core 20 has slots 
22 which are skewed. Slots 22 include a radially inner portion 24 and first and 
20 second skew portions 26 and 28. Core 20 also includes a plurality of laminations 30 
having an outer periphery 32. A first set 34 of rotor laminations 30 has a plurality 
of slots 22 having first skew portions 26 extending in a first direction, and a second 
set 36 of rotor laminations 30 has a plurality of slots 22 having second skew 
portions 28 extending in a second direction. 
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Core 20 further includes a plurality of notches 38 having an open end at 
outer periphery 32. In the embodiment shown in Figures 1 and 2, each notch 38 
extends axially with respect to a center axis of rotor core 20, and each notch 38 is 
coextensive with a respective one of slots 22, No bridge of lamination material 
5 extends between notches 38 and slots 22, and notches 38 have a substantially 
rectangular cross sectional shape. As shown in Figure 1, a first notch 40 is 
substantially aligned and coextensive with first skew portion 26, and a second notch 
42 is substantially aligned and coextensive with second skew portion 28, 
Permanently magnetizable material 44 is located in notches 40 and 42. 

10 Figure 3 is an enlarged fragmentary view of a second embodiment of a rotor 

core 50, and Figure 4 is a perspective schematic view of core 50, Core 50 has slots 
52 which are skewed. Slots 52 include a radially inner portion 54 and first and 
second skew portions 56 and 58, Core 50 also includes a plurality of laminations 60 
having an outer periphery 62. A first set 64 of rotor laminations 60 has a plurality 

15 of slots 52 having first skew portions 56 extending in a first direction, and a second 
set 66 of rotor laminations 60 has a plurality of slots 52 having second skew 
portions 58 extending in a second direction. 

Core 50 further includes a plurality of notches 68 having an open end at 
outer periphery 62. In the embodiment shown in Figures 3 and 4, each notch 68 

20 extends axially with respect to a center axis of rotor core 50 and along an entire 

length of core 50. A bridge 70 of lamination material extends between each notch 
68 and respective slots 52. Notch 68 has a substantially rectangular cross sectional 
shape, and each notch 68 is substantially aligned with a radial axis of one of slot 
radial inner portions 54. Permanently magnetizable material 72 is located in notches 

25 68. 

Figure 5 is an enlarged fragmentary view of a third embodiment of a rotor 
core 80, and Figure 6 is a perspective schematic view of core 80, Core 80 has slots 
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82 which are skewed. Slots 82 include a radially inner portion 84 and first and 
second skew portions 86 and 88. Core 80 also includes a plurality of laminations 90 
having an outer periphery 92. A first set 94 of rotor laminations 90 has a plurality 
of slots 82 having first skew portions 86 extending in a first direction, and a second 
5 set 96 of rotor laminations 90 has a plurality of slots 82 having second skew 
portions 88 extending in a second direction. 

Core 80 further includes a plurality of notches 98 having an open end at 
outer periphery 92. In the embodiment shown in Figures 5 and 6, each notch 98 
extends axially with respect to a center axis of rotor core 80, and each notch 98 is 

10 coextensive with a respective one of slots 82. A bridge 100 of lamination material 
extends between notches 98 and slots 82, and notches 98 have a substantially 
rectangular cross sectional shape. As shown in Figure 5, a first notch 102 is 
substantially aligned and coextensive with first skew portion 86, and a second notch 
104 is substantially aligned and coextensive with second skew portion 88. 

15 Permanently magnetizable material 106 is located in notches 98. 

Figure 7 is an enlarged fragmentary view of a fourth embodiment of a rotor 
core 110, and Figure 8 is a perspective schematic view of some elements of core 
110. Core 110 has slots 112 which are skewed. Slots 112 include a radially inner 
portion 114 and first and second skew portions 116 and 118, Core 110 also includes 
20 a plurality of laminations 120 having an outer periphery 122. A first set 124 of 
rotor laminations 120 has a plurality of slots 112 having first skew portions 116 
extending in a first direction, and a second set 126 of rotor laminations 120 has a 
plurality of slots 112 having second skew portions 118 extending in a second 
direction. 

25 Core 110 further includes a plurality of notches 128 having an open end at 

outer periphery 122. In the embodiment shown in Figures 7 and 8, each notch 128 
extends axially with respect to a center axis of rotor core 1 10, and each notch 128 



7 



extends the entire length of core 110, A bridge 130 of lamination material extends 
between notches 128 and slots 112, and notches 128 have a substantially rectangular 
cross sectional shape. As shown in Figure 7, a first notch 130 is substantially 
aligned and coextensive with first skew portion 116, and a second notch 132 is 
5 substantially aligned and coextensive with second skew portion 118. Permanently 
magnetizable material 134 is located in notches 128. 

Figure 9 is an enlarged fragmentary view of a fifth embodiment of a rotor 
core 140, and Figure 10 is a perspective schematic view of core 140. Core 140 has 
slots 142 which are skewed. Slots 142 include a radially inner portion 144 and first 
10 and second skew portions 146 and 148. Core 140 also includes a plurality of 

laminations 150 having an outer periphery 152. A first set 154 of rotor laminations 
150 has a plurality of slots 142 having first skew portions 146 extending in a first 
direction, and a second set 156 of rotor laminations 150 has a plurality of slots 142 
having second skew portions 148 extending in a second direction. 

15 Core 140 further includes a plurality of notches 158 having an open end at 

outer periphery 152. In the embodiment shown in Figures 9 and 10, each notch 158 
extends axially with respect to a center axis of rotor core 140, and each notch 158 is 
coextensive with a respective one of slots 142. A bridge 160 of lamination material 
extends between notches 158 and slots 142, and notches 158 have an irregular cross 

20 sectional shape. As shown in Figure 9, a first notch 161 is substantially aligned and 
coextensive with first skew portion 146, and a second notch 162 is substantially 
aligned and coextensive with second skew portion 148. Notches 158 are open and 
do not include permanent magnets. Rotor core 140 is thus an open slot rotor. 

Figure 11 is an enlarged fragmentary view of a sixth embodiment of a rotor 
25 core 170, and Figure 12 is a perspective schematic view of core 170. Core 170 has 
slots 172 which are skewed. Slots 172 include a radially inner portion 174 and first 
and second skew portions 176 and 178. Core 170 also includes a plurality of 
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laminations 180 having an outer periphery 182. A first set 184 of rotor laminations 
180 has a plurality of slots 172 having first skew portions 176 extending in a first 
direction, and a second set 186 of rotor 180 laminations has a plurality of slots 172 
having second skew portions 178 extending in a second direction. 

Core 170 further includes a plurality of notches 188 having an open end at 
outer periphery 182. In the embodiment shown in Figures 11 and 12, each notch 
188 extends axially with respect to a center axis of rotor core 170, and each notch 
188 is coextensive with a respective one of slots 172. No bridge of lamination 
material extends between notches 188 and slots 172, and notches 188 have an 
irregular cross sectional shape. As shown in Figure 11, a first notch 190 is 
substantially aligned and coextensive with first skew portion 176, and a second 
notch 192 is substantially aligned and coextensive with second skew portion 178. 
Notches 188 are open and do not include permanent magnets. Rotor core 170 is 
thus an open slot rotor. In one embodiment, the rotor assembly is fabricated by 
pouring a molten metal such as aluminum into slots 172 and notches 188 while rotor 
core 170 is maintained within a cast that prevents the molten aluminum from freely 
flowing out of notches 188. Rotor core 170 is then brushed to remove any excess 
aluminum from the outside of rotor laminations 180. In an alternative embodiment, 
the rotor assembly is fabricated by initially forming rotor core 170 with a thin wall 
of lamination material on the outside of notches 188. Molten aluminum is then 
poured into slots 172 and notches 188. The thin wall of lamination material on the 
outside of notches 188 is then removed so that slots 172 and notches 188 form open 
slots. 

Figure 13 is an enlarged fragmentary view of a seventh embodiment of a 
rotor core 200, and Figure 14 is a perspective schematic view of core 200. Core 
200 has slots 202 which are skewed. Slots 202 include a radially inner portion 204 
and first and second skew portions 206 and 208. Core 200 also includes a plurality 
of laminations 210 having an outer periphery 212. A first set 214 of rotor 
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laminations 210 has a plurality of slots 202 having first skew portions 206 extending 
in a first direction, a second set 216 of rotor laminations 210 has a plurality of slots 
202 having second skew portions 208 extending in a second direction, and a third 
set 218 of rotor laminations 210 has a plurality of slots 202 having first skew 
5 portions 206 extending in a first direction. 

Core 200 further includes a plurality of notches 220 having an open end at 
outer periphery 212. In the embodiment shown in Figures 13 and 14, each notch 
220 extends axially with respect to a center axis of rotor core 200 ? and each notch 
220 is coextensive with a respective one of slots 202. No bridge of lamination 
10 material extends between notches 220 and slots 202, and notches 220 have a 

substantially rectangular cross sectional shape. As shown in Figure 13, a first notch 
222 is substantially aligned and coextensive with first skew portion 206, and a 
second notch 224 is substantially aligned and coextensive with second skew portion 
208. Permanently magnetizable material 226 is located in notches 222 and 224. 

15 Many variations of the above described rotor cores are possible. For 

example, additional sets of rotor laminations can be added depending upon the 
desired operating characteristics. In addition, the particular dimensions of the slots 
can be selected to provide desired operating characteristics. Dimensions of such 
slots are discussed, for example, in U.S. Patent No. 5,640,064, which is assigned to 

20 the present assignee and hereby incorporated herein, in its entirety, by reference. 
Additional details regarding divided magnet rotors are set forth, for example, in 
U.S. Patent No. 5,548,172, which is assigned to the present assignee and hereby 
incorporated herein, in its entirety, by reference. The rotor cores described above 
could also be fabricated without the notches located on the outer periphery of the 

25 rotor laminations. Hie rotor bar slots would still have a stepped skew and the rotor 
bar slots could either be open slots or closed slots. 
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Figure 15 illustrates a motor 250 which may incorporate any of the rotors R 
described above. Motor 250 includes a housing 252 having motor endshields 254 
and 256 secured thereto. Motor endshields 254 and 256 include supports 258 and 
260 for bearing assemblies 262 and 264. Rotor shaft S is coaxially aligned with 
5 bearing assemblies 262 and 264 and extends through openings 266 and 268 formed 
in endshields 254 and 256. 

Motor 250 also includes a stator 270 having a stator core 272 and stator 
windings 274 Stator windings 274 include a start winding and a first and a second 
main winding. The first winding is wound to form a first, lower, number of poles 
io and the second main winding is wound to form a second, higher, number of poles. 
The start winding is wound to form a number of poles equal to the number of poles 
of the first main winding. Stator core 272 forms a rotor bore 276 Rotor shaft S is 
concentrically arranged axially of stator core 272, and rotor core RC is positioned 
concentrically with rotor shaft S. 

15 A switching unit 278, shown in phantom, is mounted to endshield 254. 

Switching unit 278 includes, in one form, a movable mechanical arm 280 A 
centrifugal force responsive assembly 282, also shown in phantom, is mounted to 
rotor shaft S and includes a push collar 284 which engages mechanical arm 280 
Push collar 284 is slidably mounted on rotor shaft S. Assembly 282 also includes a 

20 weighted arm and spring (not shown in detail) secured to rotor shaft S, The 

weighted arm is calibrated to move from a first position to a second position when 
the rotor speed exceeds a predetermined speed. When the weighted arm moves to 
the second position, push collar 284 also moves from a first position to a second 
position. As a result, mechanical arm 280 of switching unit 278 moves from a first 

25 position to a second position, which causes switching unit 278 to switch from a first 
circuit-making position to a second circuit-making position. Switching unit 278 is 
utilized separately in some applications (without arm 280) and switching unit 278 
and assembly 282 are utilized in combination in other applications. Switches used 
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to control energization of start and main windings are well known. Synchronized 
switching apparatus and methods which may be utilized in motor 250 are described, 
for example, in U.S. Patent Application Serial No. 09/042,374, filed March 13, 
199$, and hereby incorporated herein, in its entirety, by reference, 

5 In one specific embodiment, the first main stator winding is wound to form 

four poles and the second main stator winding is wound to form six poles. Motor 
rotor permanent magnets M are magnetized to form six poles. Switching unit 278 is 
coupled to an external control, such as a furnace control. Centrifugal force 
responsive assembly 282 is not utilized in this particular application. Switching unit 
10 278 causes the first main winding to be energized for the high fire mode and the 
second main stator winding to be energized for the low fire mode. 

In operation, and at motor start-up, the stator start winding and the first main 
winding are energized. The magnetic fields generated by such windings induce 
currents in squirrel cage conductors C of motor rotor R, and the magnetic fields of 
15 such windings and conductors C couple and rotor R begins to rotate. Since the start 
winding and first main winding form four poles, the magnetic fields of the such 
windings do not effectively couple to the magnetic fields of rotor permanent magnets 
M configured to form six poles. 

Once rotor R has sufficient speed, the start winding is de-energized. If the 
20 furnace is to operate in the high fire mode, switching unit 278 causes the first main 
winding to remain energized. As a result, motor 250 operates as an induction motor 
in a relatively higher speed, four pole mode of operation. If the furnace is to 
operate in the low fire mode, however, switching unit 278 energizes the second 
main winding and the first main winding is de-energized. As a result, the rotor 
25 speed decreases. 

When the rotor speed equals the six pole synchronous speed, i.e., 1200 rpm, 
the magnetic fields of rotor permanent magnets M couple with, and "lock" into, the 
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magnetic fields generated by the second main winding. Rotor R then rotates at 
substantially the synchronous speed for the six pole configuration, i.e., 1200 rpm. 
If the furnace is required to later operate in the high fire mode, switching unit 278 
energizes the first main winding and de-energizes the second main winding. Motor 
5 250 then operates as an induction motor and the rotor speed increases. 

In another application, and as in the embodiment discussed above, the first 
main stator winding is wound to form four poles and the second main stator winding 
is wound to form six poles. Motor rotor permanent magnets M are magnetized to 
form six poles. In this particular application, motor 250 operates as a single speed 

10 motor. Centrifugal force responsive assembly 282 is utilized and is calibrated to 

transition from the first position to the second position when the rotor speed exceeds 
1200 rpm, i.e., six pole synchronous speed. When switching unit 278 is in the first 
circuit-making position, the first main winding is energized, i.e., the lower pole 
mode. When unit 278 is in the second circuit-making position, the second main 

15 winding is energized, i.e. , the higher pole mode. Centrifugal force responsive 
assemblies and switches are well known and are described, for example, in more 
detail in U.S. Patent Nos. 4,726,112 and 4,856,182, both of which patents are 
assigned to the present assignee. 

In operation, and at motor start-up, switching unit 278 is in the first circuit- 
20 making position and the first main winding and the start winding are energized. The 
magnetic fields generated by such windings induce currents in squirrel cage 
conductors C of motor rotor R. The magnetic fields of such windings and rotor 
secondary conductors C couple and rotor R begins to rotate. Since the first main 
winding and start winding are energized to form four poles, the magnetic fields of 
25 such windings do not effectively couple to the magnetic fields of permanent magnets 
M which are magnetized to form six poles. 
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Once the speed of rotor R exceeds 1200 ipm, the weighted arm of assembly 
282 causes push collar 284 to move to the second position. Push collar 284 causes 
mechanical arm 280 to move to the second position, and switching unit 278 switches 
to the second circuit-making position. The second main winding is then energized. 
5 As a result, the speed of rotor R decreases. When the rotor speed equals the six 

pole synchronous speed, i.e., 1200 rpm, the magnetic fields of the rotor permanent 
magnets M couple with, and "lock" into, the magnetic fields generated by the 
second main winding. Rotor R then rotates at substantially the synchronous speed 
for the six pole configuration, i.e., 1200 rpm. As described above, rotor R is 

10 "dragged" or "coasts" into synchronous speed rather than "pushed" into 

synchronous speed. Enabling rotor R to coast into synchronous speed is much 
easier than attempting to "push" rotor R into synchronous speed with a lower pole 
induction winding, which is typical in known line start synchronous A.C. motors. 
Additional details relating to starting and miming divided magnet motors are set 

15 forth, for example, in U.S. Patent No. 5,758,709, which is assigned to the present 
assignee and hereby incorporated herein, in its entirety, by reference. 

Many modifications and variations of motor 250 illustrated in Figure 3 are 
possible and contemplated. For example, motor 250 could be configured to operate 
as a two pole / four pole motor, a six pole / eight pole motor, or some other two 
20 mode motor. The specific structure of motor 250, such as the type of bearing 

assemblies 262 and 264 and motor frame, of course, may also vary. Switches other 
than centrifugal force responsive switches can be used for the one speed unit. For 
example, a rotor speed sensor and switch mounted to stator 270 or optic based 
controls could be utilized. 

25 With respect to the manufacture and assembly of rotor R, laminations are 

stamped from steel. As is well known, each lamination may be annealed or 
otherwise treated so that a coating of insulating material is formed thereon. 
Laminations are then stacked, for example in two sets, to a desired height to form 
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the rotor core. Rotor laminations are stacked so that radially inner portions of the 
slots are aligned, and the skew portions in the first set are offset from the skew 
portions in the second set. 

Once laminations are stacked to the selected height and aligned, as described 
above, permanent magnets M are formed or located in the notches at the rotor core 
outer periphery using, for example, an injection molding process* Particularly, 
magnets may be formed from neodymium iron using injection molding. 
Neodymium iron in a form suitable for injection molding is commercially available 
from the Magnaquench division of General Motors located in Anderson, Indiana. 
Alternatively, magnets M could be manufactured using alternative techniques such 
as extrusion, casting and sintering processes, and then secured to the rotor core. 

Squirrel cage conductors C and rotor end rings ER are then formed using an 
aluminum die cast process. Rotor shaft S is then inserted through aligned openings 
in each lamination and the end rings. Rotor shaft S is secured to the end rings by 
welding, for example. Magnets M may then be magnetized. Additional details 
regarding assembly of a rotor and a motor are set forth, for example, in U.S. Patent 
Nos. 4,726,112 and 5,548,172, which are assigned to the present assignee. 

The above described divided magnet rotors have a stepped skew rather than a 
helical skew, and the stepped skew enables the use of straight magnet sections that 
can be inserted into the rotor thereby eliminating the need to produce a helix from 
the rotor cage. The stepped skew also is effective in decoupling stator slot order 
harmonics. In addition, the rotors may have open slots so that in at least the open 
slot configuration, the rotor is not subject to rotor bridge saturation. 

While the invention has been described in terms of various specific 
embodiments, those skilled in the art will recognize that the invention can be 
practiced with modification within the spirit and scope of the claims. 
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CLAIMS: 

1 . A rotor core comprising a plurality of rotor laminations, each of said 
laminations having an outer periphery, a first set of rotor laminations comprising a 
plurality of slots having skew portions extending in a first direction, a second set of 
said rotor laminations comprising a plurality of slots having skew portions extending 
in a second direction, and a plurality of notches having an open end at said outer 
periphery. 

2. A rotor core in accordance with Claim 1 wherein each of said notches 
extends axially with respect to a center axis of said rotor core. 

3. A rotor core in accordance with Claim 2 wherein each of said notches 
is coextensive with a respective one of said slots. 

4. A rotor core in accordance with Claim 1 wherein each of said notches 
extend axially with respect to a center axis of said rotor core and along an entire 
length of said core. 

5. A rotor core in accordance with Claim 1 wherein each of said notches 
extend axially with respect to a center axis of said rotor core and along a portion of 
said core. 

6. A rotor core in accordance with Claim 1 wherein a bridge of 
lamination material extends between at least one of said notches and a respective one 
of said slots. 

7. A rotor core in accordance with Claim 1 wherein no bridge of 
lamination material extends between at least one of said notches and a respective one 
of said slots. 

8. A rotor core in accordance with Claim 1 wherein at least one of said 
notches has a substantially rectangular cross sectional shape. 
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9. A rotor core in accordance with Claim 1 wherein at least one of said 
notches has an irregular cross sectional shape. 

10. A rotor core in accordance with Claim 1 wherein a first notch is 
substantially aligned and coextensive with one of said skew portions of one of said 
slots in said first set of rotor laminations, and a second notch is substantially aligned 
and coextensive with one of said skew portions of one of said slots in said second set 
of rotor laminations. 

11. A rotor core in accordance with Claim 1 wherein a first notch is 
substantially aligned, for at least a portion of length of said first notch, with one of 
said skew portions of one of said slots in said first set of rotor laminations, and a 
second notch is substantially aligned, for at least a portion of a length of said second 
notch, with one of said skew portions of one of said slots in said second set of rotor 
laminations. 

12. A rotor core in accordance with Claim 1 wherein each of said slots 
comprises radially inner portions, and each of said notches is substantially aligned 
with a radial axis of one of said slot radial inner portions. 

13. A rotor core in accordance with Claim 1 further comprising a third 
set of rotor laminations comprising a plurality of slots having skew portions 
extending in the first direction. 

14. A rotor for an electric motor, said rotor comprising: 

a rotor core comprising a plurality of rotor laminations, each of said 
laminations having an outer periphery, a first set of rotor laminations comprising a 
plurality of slots having skew portions extending in a first direction, a second set of 
said rotor laminations comprising a plurality of slots having skew portions extending 
in a second direction, a plurality of notches having an open end at said outer 
periphery, and a central rotor shaft opening; 
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a rotor shaft having an axis which is coaxial with a rotor core axis of rotation 
and extending through said central rotor shaft opening; 

a plurality of secondary conductors extending through said slots; and 

a plurality of permanent magnets located in said lamination notches. 

15. A rotor in accordance with Claim 14 wherein each of said notches 
extend axially with respect to a center axis of said rotor core and along an entire 
length of said core. 

16. A rotor in accordance with Claim 14 wherein each of said notches 
extend axially with respect to a center axis of said rotor core and along a portion of 
said core. 

17. A rotor in accordance with Claim 14 wherein a bridge of lamination 
material extends between at least one of said notches and a respective one of said 
slots. 

18. A rotor in accordance with Claim 14 wherein no bridge of lamination 
material extends between at least one of said notches and a respective one of said 
slots. 

19. A rotor in accordance with Claim 14 wherein a first notch is 
substantially aligned and coextensive with one of said skew portions of one of said 
slots in said first set of rotor laminations, and a second notch is substantially aligned 
and coextensive with one of said skew portions of one of said slots in said second set 
of rotor laminations. 

20. A rotor in accordance with Claim 14 wherein a first notch is 
substantially aligned, for at least a portion of length of said first notch, with one of 
said skew portions of one of said slots in said first set of rotor laminations, and a 
second notch is substantially aligned, for at least a portion of a length of said second 
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notch, with one of said skew portions of one of said slots in said second set of rotor 
laminations. 

21. An electric motor, comprising: 

a stator comprising a stator core, first and second main windings, said first 
5 main winding configured to form a lower number of poles than said second main 
winding, said stator core forming a stator bore; and 

a rotor comprising a rotor shaft concentrically arranged axially of said stator 
core, a rotor core positioned concentrically with said rotor shaft and attached 
thereto, said rotor core comprising a plurality of rotor laminations, each of said 

10 laminations having an outer periphery, a first set of rotor laminations comprising a 
plurality of slots having skew portions extending in a first direction, a second set of 
said rotor laminations comprising a plurality of slots having skew portions extending 
in a second direction, a plurality of notches having an open end at said outer 
periphery, a plurality of secondary conductors extending through said slots, and a 

15 plurality of permanent magnets located in said lamination notches and magnetized to 
form a number of poles equal to the number of poles formed by said second main 
winding. 

22. An electric motor in accordance with Claim 21 wherein a first notch 
is substantially aligned and coextensive with one of said skew portions of one of said 

20 slots in said first set of rotor laminations, and a second notch is substantially aligned 
and coextensive with one of said skew portions of one of said slots in said second set 
of rotor laminations. 

23. An electric motor in accordance with Claim 21 wherein a first notch 
is substantially aligned, for at least a portion of length of said first notch, with one 

25 of said skew portions of one of said slots in said first set of rotor laminations, and a 
second notch is substantially aligned, for at least a portion of a length of said second 
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notch, with one of said skew portions of one of said slots in said second set of rotor 
laminations. 
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As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if 
plural names are listed beiow) of the subject matter which is claimed and for which a patent is sought on the invention 
entitled: ROTORS UTILIZING A STEPPED SKEW, {Dkt. No. 03-SM-6723) 
the specification of which: 

(check one) [ ] is attached hereto 

I x ] was filed on June 26, 1998 as Application Serial No. 60/090,773 
and was amended on . 



I hereby state that I have reviewed and understand the contents of the above identified specification, including the claims, 
as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to the examination of this application in accordance with 
Title 37, Code of Federal Regulations § 1.56(a). 

1 hereby claim priority benefits under Title 35, United States Code, § 1 20 of any United States application(s) listed below and, 
insofar as the subject matter of each of the claims of this application is not disclosed in the prior United States application 
in the manner provided by the first paragraph of Title 35, United States Code, §112. I acknowledge the duty to disclose 
material information as defined in Title 37, Code of Federal Regulations, §1 .56(a) which occurred between the filing date 
of the prior application and the national or PCT international filing date of this application: 



(Application Serial No.) ( Filing Date) ( Status: patented, pending, abandoned) 



(Application Serial No.} ( Filing Date) ( Status: patented, pending, abandoned) 

I hereby claim the benefit under Title 35, United States Code §1 19(e) of any United States provisional application(s) listed 
below: 

Application Serial No. Filing Date Additional provisional application 
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I hereby appoint Ronald E. Myrick, Reg. No. 26,3 1 ^ General Electric Company (W3E), 3135 Easton 
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Plainville, CT 06062; and John S. Beulick, Reg. No. 3J^33S^rm strong Teasdale LLP, One 
Metropolitan Square, Suite 2600, St. Louis, MO 63102, jointly, and each of them severally, my attorneys and 
attorney, with full power of substitution, delegation and revocation, to prosecute this application, to make alterations and 
amendments therein, to receive the patent and to transact all business in the Patent and Trademark Office connected 
therewith. 

I hereby direct that all correspondence and telephone calls in connection with this application be addressed to the said 

John S. Beulick, Reg. No. 33,338 
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One Metropolitan Sauare^ JSiU&e--2£00 
^grTou is^ MO 63102?^ 
Telephone No. (314) 621-5070. 
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I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may jeopardize the validity of the application and any patent issued 
thereon. ^ ^ 

SOLE OR FIRST INVENTOR: j 



Full Name: DANIEL MICHAEL SABAN 





Signature- ^ ' ' v — ^ 1 Date 



Residence: Fort Wayne, IN 46807 
Citizenship: U.S.A. 
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Signature: Date: 
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Application Serial No. Filing Date Status (patented , pending, abandoned) 
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thereon. 

SOLE OR FIRST INVENTOR: 
Full Name: 

Signature: Daniel M. Saban Date: 

Residence: Rockford, IL 6 11 03 

Citizenship: US 



Post Office Address: 2310 Harlem Blvd., Rockford, IL 61 103 



SECOND JOINT INVENTOR, IF ANY: 

Full Name: ^ ^ 

Signature: Charles Michael Stephens 

flLkflWUli Afck*A . Date: Qcf T 

Residence: Paltereonvillc, NY 12137 f\j V' 

Citizenship: US 

Post Office Address: 3996 Rynex Corners Road, Pattersonville, NY 12137 

THIRD JOIN 



Signature: Gerald^^ ^xjf'^ /^^ Date: dz^4^ J J<&& / 

Residence: NiskayunaJ slY 12309 A/ 

Citizenship: US 

Post Office Address: 2263 Swcetbrier Road, Niskayuna, NY 12309 
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